targets for DBS. Although the motor outcomes after STN and GPi DBS are similar, apparently, non-motor factors could affect the target selection. In addition, although both STN and GPi stimulation markedly improve postural instability and gait disorder (PIGD), contradicting studies have revealed that patients experienced more frequent falls and gait disturbance in the first 3 months postoperatively (4). Moreover, some long-term studies reported that the gait function worsened in patients with PD undergoing STN DBS (13, 16, 17, 22, 23).
█ INTRODUCTION
I n patients with advanced idiopathic Parkinson's disease (PD), deep brain stimulation (DBS) is a well-established treatment option. Previously, randomized studies have revealed that treatment with subthalamic nucleus (STN) DBS is superior to the best medical therapy for improving the motor function and quality of life for patients with advanced PD (8) . Both STN and globus pallidus interna (GPi) are accepted For instance, Castrioto reported that, despite sustained improvement in tremor and bradykinesia, a progressive deterioration occurred in axial motor and postural scores over time (5) . These results imply that the long-term progression of PIGD characteristics might be different with GPi stimulation than with STN stimulation and that GPi is a better target for patients with considerable balance and gait problems.
Of note, axial symptoms and balance issues are the least improved symptoms with DBS and can get worse because of either the selected target or disease progression. Thus, this prospective study aims to compare the motor outcomes, gait function, and fall risk (FR) of GPi and STN DBS, as well as changes in the levodopa equivalent dose (LED), emotional status, non-motor symptoms, activities of daily living, and disability.
█ PATIENTS and METHODS

Patients and Study Design
In this study, we enrolled patients with idiopathic PD, who were diagnosed as stage ≥2 based on the Hoehn and Yahr disability scale, had a considerable response to levodopa (at least 40% improvement in "off" Unified Parkinson's Disease Rating Scale (UPDRS) scores after L-dopa), and had persistent and disabling symptoms, such as motor fluctuations and dyskinesia, despite optimal medical therapy. We randomly assigned all patients to proceed to either pallidal or subthalamic stimulation DBS and followed them for 24 months after surgery and assessed at 6, 12, and 24 months postoperatively.
This study protocol was approved by the local ethics committee, and we obtained informed consent from each patient.
Evaluation
One of the results was the change in UPDRS-III from baseline to 24 months among patients receiving STN and GPi DBS with medication. For the postoperative baseline evaluation, we performed UPDRS-III at the "off" state following 12-h overnight withdrawal of antiparkinsonian medication and at the "on" state after 1 h of taking 1.5-fold of the usual morning LED. Postoperatively at 6, 12, and 24 months, we repeated UPDRS-III at the DBS "on" medication "on" state.
The outcomes of the gait and balance function were assessed using the timed 25-foot walk test, timed up and go test, the 30-s chair stand test, and posturography at the DBS "on" medication "on" state by study-site personnel and independently by movement-disorder clinicians who were blinded to study-group assignments.
a) Timed 25-foot walk test: A quantitative mobility
performance test based on a timed 25-foot walk. The time was measured from the initiation of the instruction to start and ended when a patient had reached the 25-foot mark. b) Timed up and go test: A simple test used to assess patients' mobility that needs both static and dynamic balance. In this test, a patient was asked to stand from a standard armchair, walk 3 m, turn around, walk back to the chair, and sit down. Using a stopwatch, the time taken for the task was recorded. The time required to complete the task was interpreted as follows: ≤10 s, normal; ≤20 s, good mobility without gait aid; and ≤30 s, requires gait aid. Of note, a score of ≥14 s has been known to suggest a high risk of falls (25) .
c) The 30-s chair stand test: It aims to test the leg strength and dynamic balance through a repeated sitting to standing activity. In this test, a patient was asked to sit on a standard chair with a straight back without arm rests (17) , place hands on the opposite shoulder crossed at the wrist, rise to a full standing position, sit back down, and repeat the same sequence for 30 s. The number of times the patient attained a full standing position was counted for 30 s. A score of <8 stands was associated with a lower level of functional mobility and balance (14) . d) Posturographic evaluation: This assessment is performedusing a computed posturography system (Tetrax, Sunlight Medical, Israel), which evaluates the static postural balance by recording vertical pressure fluctuations in four different power plates. Input from the plates is integrated by a computer. In this test, a patient stood barefoot on the device, with arms freely hanging next to the body. The patient was instructed to begin by placing feet side by side on lined places of plates and not to speak or move during the task. Measurements were obtained in eight different conditions, each for 40 s as follows: (1) In addition, vestibular, visual, and somatosensorial inputs were documented in each of the eight different positions to assess the static postural balance and FR. All measurements were performed at the same time of the day 1-1.5 h following the levodopa dose, preoperatively and repeated at 6, 12, and 24 months after DBS surgery, the "DBS on medication on" state. For each patient, we calculated the FR, and a higher FR implied poorer postural performance. The measured FR ranged 0-35 was interpreted as low FR, 36-57 as moderate FR, and 58-100 as high FR.
Furthermore, we used the Schwab-England (S&E) activities of daily living scale, hospital anxiety and depression (HAD) scale, and non-motor symptom questionnaire (NMSQuest) to assess the changes during the 24-month follow-up. Moreover, medication use was converted to LED for analysis and measured as a change from baseline to 24 months.
Follow-Up
All patients returned to the study site at 6, 12, and 24 months. We performed the entire baseline assessment blindly, which was repeated at 6, 12, and 24 months at the DBS "on" medication "on" state. Study neurologists directed the postop-erative treatment to attain the optimal control of symptoms irrespective of the target of DBS. In addition, the management comprised adjustment of pharmacologic therapy (dose and regimen of dopaminergic and non-dopaminergic medications) and non-pharmacological treatments (e.g., physical therapy).
Statistical Analysis
In this study, we performed variance analyses, post-hoc Tukey test, and paired samples t-test using SPSS software version 17.0. We considered p< 0.05 as statistically significant.
█ RESULTS
We enrolled 15 patients in this study but excluded one patient because the hardware was removed because of the IPG site infection. In addition, two patients died during the followup period because of non-neurological reasons. Thus, we analyzed the data of 12 patients (10 females, and 2 males) in this study. Table I presents the demographic data of the study cohort.
UPDRS
Both preoperative and postoperative "on" state UPDRS motor scores were significantly reduced in both STN and GPi groups (p<0.05). We observed the most considerable improvement in the first 6 months postoperatively, and for the next 18 months, patients in both groups either continued to improve or preserved their better motor status (Figure 1 ). Regarding motor scores, none of the groups was superior to the other.
Timed 25-Foot Walk Test
In both GPi and STN DBS groups, patients exhibited significantly better scores in the 25-foot walk test after 6 months postoperatively (p=0.000; Figure 2 ). In addition, their improvement was preserved at 12 and 24 months postoperatively.
Timed Up and Go Test
In both GPi and STN DBS groups, patients could complete the task more quickly postoperatively (p=0.000; Figure 3 ). In addition, their improvement was most significant in the 0.000* UPDRS-III "off" 49.00 ± 13.57 47.00 ± 14.01 Figure 1 : A significant improvement was observed in the "on" state UPDRS III scores after STN and GPi DBS (p=0.000), which was sustained during the 2-year follow-up. The "on" state UPDRS scores were not different between two groups (p=0.78).
Figure 2:
Both groups exhibited improvement in the timed 25foot walk test (p=0.000), with no significant difference between the groups (p=0.628).
NMSQuest scores were 13.16 ± 2.03 in the GPi DBS group and 12.21 ± 1.06 in the STN DBS group. The most frequent NMSs in both groups were feeling sad or blue (GPi DBS, 83%; STN DBS, 100%), urinary urge (83%), feeling anxious/panicky (66%), nocturia (66%), constipation (66%), falling (66%), and sleep problems (66%) in both groups. Postoperatively, all patients reported fewer NMSs than preoperatively, and the most significant decrease was noticed in depression and anxiety symptoms, sleep problem urgency, and nocturia (p< 0.05).
Regarding L-dopa reduction, no significant decline was observed in the total LED in patients receiving GPi DBS; conversely, patients receiving STN DBS required less first 6 months and preserved during the 12-and 24-month controls. However, patients who received GPi DBS performed considerably better than patients receiving STN DBS (p< 0.05).
30-s Chair Stand Test
The 30-s chair stand test evaluated dynamic and static balance, and mobility was significantly better in both groups compared with preoperative scores (p=0.000; Figure 4 ). In particular, patients receiving GPi DBS exhibited a better performance in the first 6 months than patients receiving STN DBS (p<0.05).
Posturography
In the GPi DBS group, we observed no significant change in the FR postoperatively compared with preoperative results. However, the FR in the STN group was significantly increased to 100% after 6 months (p<0.05; Figure 5 ).
Furthermore, activities of daily living (ADL) improved in both groups; in particular, patients who received GPi DBS reported complete independence in their ADL (Table II) . In contrast, patients who received STN DBS were less independent but apparently improved after DBS surgery. In both groups, patients were at the H&Y stage 3 or 2 preoperatively, which improved to stage 1 at 6 and 12 months after GPi DBS and remained as such at 24 months (p=0.000). In the STN DBS group, a significant improvement was observed at the H&Y stage at 6 months, which was retained until 24-month control (p=0.000). However, patients who received GPi DBS exhibited better improvement than patients receiving STN DBS (p< 0.05). In addition, postoperative HAD scores for depression and anxiety were significantly improved in both groups (p= 0.00); however, patients receiving GPi DBS were less anxious and depressed, especially in the early postoperative period, compared with the STN DBS group (p<0.05; Table II ). All patients answered the 30-item questionnaire preoperatively.
Figure 3:
Both groups exhibited improvement in the TUG test postoperatively; however, patients receiving GPi DBS completed the task quicker than those receiving STN DBS (p=0.000). This improvement was most significant in the first 6 months and preserved during the 12-and 24-month controls.
Figure 4:
Both groups exhibited improvement in the 30-s chair stand test, along with better functional mobility and balance (p= 0.000). Moreover, a significant improvement in the GPi DBS group was better than that in the STN DBS group, especially in the early postoperative period (p<0.05). and static balance in the STN DBS group. These results corroborate previous studies comparing the long-term motor outcomes after undergoing GPi and STN DBS (10, 19, 20, 28, 29) . During the natural course of PD, a progressive loss of the benefit on axial signs can be expected over time, but the progression of balance and gait deficits apparently varied with the DSB site selection (5, 9, 21) . A meta-regression analysis of the DBS effect on gait and balance revealed that balance and gait initially improved with DBS in the "on" medication state, but were worse than the preoperative "on" medication state in the STN DBS group by 2 years, whereas no deterioration was reported in the postural stability and gait in the GPi DBS group (27) . Castrioto reported that, although the stimulation-induced motor improvement was sustained overall at 10 years, axial signs revealed the most progressive decline in the STN DBS "on" medication "on" state over the years (5) . In addition, St. George reported that balance did not improve beyond the best medically treated state preoperatively and both clinical balance testing in the DBS "off" medication "off" state and self-reported balance confidence postoperatively exhibited better performance in the GPi DBS than in the STN DBS group (26, 27) .
Overall, previous studies and our results revealed that the benefits to posture and gait are not sustained to the similar extent as the benefits to cardinal symptoms in the longterm. Although this study is limited by small sample size, the results suggested that the GPi could be a superior site to the STN in sustaining the postural stability and gait function in combination with levodopa.
Both depression and anxiety are frequently observed in patients with PD in the long-term medical management (1, 32) . The findings of this prospective study related to nonmotor symptoms revealed that almost all patients reported depressive and anxious feelings in NMSQuest preoperatively.
dopaminergic treatment even in the first 6 months (Table II) . During the follow-up, LED tended to decline, and patients who received STN DBS used 73% less dopaminergic drugs at the end of 2 years.
█ DISCUSSION
In this study, we compared the motor outcomes of GPi DBS and STN DBS in patients with advanced PD with disabling motor complications. The findings revealed that both targets effectively improved the motor scores immediately postoperatively, and the benefit of the motor function was stable during the 2-year follow-up. Corroborating previous studies, we observed no considerable difference between the two surgical targets. Previously, bilateral pallidal stimulation was reported as effective as subthalamic stimulation in attaining better motor function (3, 10) . Likewise, a recent meta-analysis reported that GPi and STN improved the motor function, with no difference in the therapeutic efficacy for PD between both targets (18) . However, a multicenter study assessing the responsiveness to GPi or STN DBS according to motor subtypes reported that tremor-dominant patients might exhibit a higher response to GPi DBS regarding gait, whereas patients with PIGD exhibited overall less benefit from DBS irrespective of the stimulation target (15) .
This study revealed that mobility performance, based on the timed 25-foot walk test, improved in both groups postoperatively. Although both STN and GPi DBS groups exhibited similar performance in this test, other tests assessing patients' mobility, which required both dynamic and static balance, revealed considerably better outcomes in the GPi DBS group postoperatively. Furthermore, static posturography revealed that patients who received STN DBS were more prone to fall. The increased FR was considered as a supporting result of relatively less improved mobility tests that needed both dynamic Postoperatively, fewer patients reported depressive and anxious feelings in NMSQuest, and HAD scores were also improved in both groups. However, group comparisons did not reveal a considerable difference, suggesting a distinction between two targets. In previous studies, results about the effect of STN DBS were varied but were associated with worsening, and GPi DBS was associated with improvement of depression in a direct comparison to STN DBS (10); it also suggested that dopamine withdrawal, mesolimbic dopaminergic denervation, or a direct effect of STN DBS could be accountable for the worsening of depression.
Typically, more than half of the patients reported urinary symptoms, the most common being nocturia, urgency, and frequency (31) . In this study, 83% of the patients reported urgency, and 66% reported nocturia preoperatively,with markedly decreased complaints postoperatively in both groups. Although the effect of GPi on urinary dysfunction remains unclear, STN DBS has been demonstrated to improve bladder symptoms with decreased detrusor hyperreflexia and increased bladder capacity, which might be secondary to the modulation of bladder afferents and central sensory processing (11, 24, 30) .
In most patients with PD (74%-98%), variable sleep problems occurred, such as insomnia, sleep fragmentation, excessive daytime sleepiness, rapid eye movement sleep behavioral disorder, vivid nightmares, and restless legs (2) . In this study, both groups reported vivid dreams, acting out of a dream, and restless legs preoperatively. Postoperatively, both groups reported apparently fewer sleep-related problems. Sleep problems in patients with PD are multifactorial; disease progression, motor fluctuations, degeneration, and medications all contribute to sleep disturbances. Although the effect of GPi DBS on sleep remains partially elucidated, to date, STN DBS improves objective polysomnographic measures of sleep and sleep quality (6, 7, 33) . Furthermore, a direct comparison of STN DBS with medical treatment suggested that STN DBS probably acted only by reducing motor symptoms and did not modulate central sleep (12) .
In conclusion, both STN and GPi are equally effective targets for treating motor dysfunction in well-selected patients with advanced PD with disabling motor complications or medically intractable tremor without considerably cognitive or psychiatric problems. STN DBS facilitates a higher reduction of medication but could be related to the increased FR and worsening of some non-motor symptoms, whereas GPi DBS could lead to less gait and balance issues. Hence, target selection could be tailored depending on the goals of DBS because one approach might not fit all. If the objective is to reduce the medication, STN DBS could be preferred; however, if a patient has gait and balance problems predominantly, GPi DBS could be selected. Finally, this study recognizes the importance of attaining the proper balance between evidencebased and preference-based selections of targets.
